To assess long-term outcomes and the management of critical left-sided infective endocarditis (IE) and evaluate the impact of surgery.
Aims
To assess long-term outcomes and the management of critical left-sided infective endocarditis (IE) and evaluate the impact of surgery.
Methods and results
Among the 198 patients included prospectively for IE across 33 adult intensive care units (ICU) [15] [16] [17] [18] [19] [20] ; reference category SOFA 0 -4; P , 0.0001]. Surgical timing was not associated with post-operative outcomes. Of the 158 patients with a theoretical indication for surgery, the 58 deemed not fit had a 95% mortality rate.
Introduction
Infective endocarditis (IE) is a rare but severe disease that still carries high mortality rates approaching 30% at 1 year. 1, 2 In the recent years, the epidemiology of IE has significantly changed in western countries with the typical patient increasingly elderly and comorbid. Infective endocarditis is now most often acute, associated with Staphylococcus aureus infection, and characterized by cardiac complications and embolic events. 3, 4 A growing number of patients require intensive care unit (ICU) admission (referred as critical IE). 5, 6 Outcomes therefore depend not only on the severity of the IE but also the underlying health status of the patients. Nonetheless very few studies focus on patients with critical IE and multiple complications.
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There have been an increasing number of reports advocating early surgery in complicated IE over the past decade. 9 -13 Early surgery has become a mainstay in the therapy of complicated IE. 14, 15 However, studies reporting the impact of surgery on outcomes in patients who are critically ill are scarce. 5, 6, 8 Moreover, in such patients, there is often a need to weigh up the coexistent risks and benefits. We describe here the results of a multicentre prospective observational study of critical left-sided IE patients with a special focus on the impact of cardiac surgery. We assess factors associated with longterm outcomes, with surgical vs. medical treatment alone, and with post-operative mortality.
Methods Patients
The methods of the study has been described elsewhere. 6 Briefly, ENDOREA was a multicentre prospective observational study conducted in 33 adult ICUs in 23 university-affiliated, and in 10 general French hospitals. Patients were included when they satisfied the modified Duke criteria for definite IE between 1 April 2007 and 1 October 2008. 16 Infective endocarditis was considered to be active if the patient was admitted to the ICU before or within 30 days of starting antibiotics. Patients transferred to the ICU after cardiac surgery for IE and patients who developed IE in the ICU were excluded. The Ethics Committee of the Société de Réanimation de Langue Française approved the study. 6 
Data collection
For each patient, the following data were collected: demographics, preexisting cardiac comorbidities, the Charlson score, 17 a history of cardiac surgery, chronic haemodialysis, history of intravenous drug use, and immunosuppression (defined as one of the following: human immunodeficiency virus infection, malignancy, and/or long-term use of corticosteroids and/or other immunosuppressant). Each patient's condition at ICU admission was assessed using the Simplified Acute Physiology Score (SAPS) II, the Sepsis-related Organ-Failure Assessment (SOFA), and the Glasgow coma scale (GCS) scores. 18 -20 Neurological failure was defined by a GCS , 10 within the first 24 h of ICU admission before sedative drugs were given. The following characteristics of IE were prospectively collected: microorganism isolated from blood and/ or heart valve cultures; echocardiographic findings [left ventricular ejection fraction (LVEF), valve dysfunction, vegetation length, mobility, and location)]. The vegetation length was measured in various planes during the first echocardiogram and on follow-up scans when available, and the maximal length was used for analysis. Patients with both left-and rightsided IE were assigned to the left-sided group. Those with both native valve IE and prosthetic valve IE were assigned to the latter. Infective endocarditis complications included cardiogenic shock, septic shock, heart failure without shock, severe valve dysfunction without heart failure, and systemic embolic event (e.g. stroke).
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In patients who underwent surgery, the following data were collected: indication for surgery; surgical timing; the SOFA score on the day of surgery; type of procedure performed; and duration of extra-corporeal circulation and aortic clamping. Cardiac surgery was considered as: (i) emergency if performed within the first 24 h of IE diagnosis; (ii) urgent if performed between 2 and 7 days following IE diagnosis; (iii) elective if performed after 7 days of IE diagnosis. 14 In addition, the adjudication committee (M.M., R.S., J.-L.T., M.W.) reviewed the hospital discharge summaries, and decided for each patient whether surgery was indicated according to contemporary guidelines. 15 The committee was not blinded to patients' outcomes.
Outcomes
The main outcome measure was long-term mortality from ICU admission. Cross-sectional follow-up was undertaken between 15 January and 30 March 2013 by contacting the referring physician. We analysed factors associated with long-term mortality, factors associated with surgical treatment, and we determined the reasons for denying surgery. We assessed pre-operative risk factors associated with mortality at long-term follow-up in patients who had been operated on.
Statistical analysis
The results are reported as median and interquartile range (IQR) or as numbers and percentages. Categorical variables were compared using 
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Long-term outcomes and cardiac surgery in critically ill patients with IE All models were constructed using the same methodology: variables associated (P , 0.10) with outcome in the univariate analysis were considered for the multivariate model, and final model was selected using backward stepwise (P , 0.10). Odds ratios (OR) for logistic regression model, and hazard ratios (HR) for Cox model were calculated accordingly with their 95% confidence intervals (CI). Significance was defined as P-values ,0.05. Statistical tests were two-sided. Statistical analyses were performed using R 2.15.2 (http://www.R-project.org).
Results

Patients' characteristics
A total of 198 patients fulfilled the Duke modified criteria for definite left-sided IE and constitute the study cohort. Baseline characteristics have been described elsewhere. 6 Briefly, mean age was 61. Defined by heart failure, persistent infection, and/or peri-valvular abscess on echocardiography. e Defined as Serum creatinine .299 mmol/L (2 mg/dL) within the first 24 h of ICU admission and/or urine output ,500 mL/24 h, excluding the eight patients on chronic renal replacement therapy. SPA II scores at admission were of 8 (5.0 -11.0) and 43 (33 -62), respectively. Treatment included mechanical ventilation, vasoactive drugs, and/or renal replacement therapy in 156 (79%), 141 (71%), and 68 (34%) cases, respectively. Median (IQR) ICU stay was 13 (6.0-29.5) days. Eighty-two patients (41%) died during ICU stay, and 80 (40%) were discharged alive from hospital.
Long-term outcomes
Among the 198 patients admitted for critical IE, 137 (69%) were dead at a median follow-up time of 59.5 months. Three patients (1.5%) were lost to follow-up. Characteristics significantly associated with mortality were: SOFA score at ICU admission [HR (95% Figure 3A) . Post-operative survival according to surgical timing after IE diagnosis (≤1 day, 2-7 days, and .7 days) are illustrated in Figure 3B .
Patients denied surgery: characteristics and outcomes
The adjudication committee found that 158 out of 198 patients fulfilled at least one criterion that prompted cardiac surgery, according to guidelines in use at the time of recruitment (Figure 1) . 15 Of these, 58 (36.7%) did not undergo surgery, of whom 55 were dead at followup (95%). The main reasons for declining surgery were: neurological complication (19 patients, 33%), multiorgan failure (17 patients, 29%), comorbidities (15 patients, 26%), and miscellaneous (18 patients, 31%).
Discussion
We present here the largest contemporary series of patients with critical IE with the longest follow-up to date in this population. We summarize factors associated with long-term mortality in a rare condition and assess prognostic factors for surgery. Across the multicentre cohort, we not only identify independent predictors of surgical intervention but also the leading reasons for denial of surgery in critically ill patients, and the outcome of those patients.
Major findings: long-term outcomes in critical infective endocarditis
In our cohort, overall mortality reached 69% at 5 years' follow-up. Our results differ greatly from large recent surgical series, where unadjusted early mortality rates vary between 8 and 12%. 10, 21, 22 Differences in the severity of IE presentation may explain these apparent discrepancies. Indeed, the high mortality in our cohort is consistent with the prediction of the SOFA and SAPS II scores at ICU admission and with previous reports of critical IE.
5,7,8
A major prognostic factor in our study was the severity of multiorgan failure as illustrated by the SOFA score. The SOFA score includes haemodynamic, pulmonary, renal, liver, and neurological failure with a 0 to 4 point scale for each organ. SOFA score ranges between 0 (no failure) up to 20 (total multiorgan failure). 19 Our results are in line with a previously reported series of IE in ICU patients. 5 Infective endocarditis of mechanical prosthetic valve was another factor associated with poor outcomes. Previous studies have reported higher mortality in patients with prosthetic valve IE when Defined as serum creatinine .299 mmol/L (2 mg/dL) within the first 24 h of ICU admission and/or urine output ,500 mL/24 h, excluding the eight patients on chronic renal replacement therapy. compared with native valve IE, 5, 23 and in prosthetic mechanical valves in particular. 24 The size of the vegetation measured on echocardiogram appeared associated with all-cause mortality. The vegetation's maximum length remained a prognostic factor on multivariate analysis. Our finding underscores how meaningful the extent of locally infected tissue is, even after adjustment for strong factors such as the degree of multiorgan failure or the presence of septic shock. There has been extensive evidence of vegetation size's impact on outcome since the late 1980s, 2,25 -27 subsequently leading to changes in the guidelines of IE management. 14 We assessed the relationship between surgery and outcomes in patients 'conspicuous by their absence' in most studies assessing cardiac surgery for IE. Consistent with many contemporary reports, mortality was significantly lower in patients who underwent surgery, surgery being analysed as a time-dependent variable. 9 -12,28 Unlike other series, we did not identify Staphylococcus aureus as a factor associated with long-term morality. 4, 29, 30 Our results may be due to confounding factors as the severity of sepsis-related multiorgan failure that may have outweighed microbiological findings.
In the present study, factors associated with long-term outcome differ from those previously reported by our group at 3 months [i.e. immunosuppression, neurological failure [GCS , 10], and Staphylococcus aureus infection]. 6 The long follow-up period and different statistical methods (use of a Cox model instead of a logistic regression model) may account for these discrepancies. Time to follow-up strongly alters the nature of the results, and a minimum of 6 months to 1 year seems necessary in order to accurately assess outcomes in IE.
12,31
Factors associated with surgery
Treatment was at the discretion of the physician in charge of the patient in this observational study. As in other uncontrolled studies, older age (over 60 years) and underlying comorbidities as immunosuppression were associated with medical treatment alone. 9 -11,32,33 Patients with septic shock were mostly treated medically. In our series, heart failure and cardiogenic shock were significantly associated with valve surgery. Within the wide spectrum of complicated IE, patients most likely to undergo surgery are also those who benefit the more from intervention, 10, 34 especially in the presence of heart failure and/or cardiogenic shock. 9, 32, 34 In the largest series of patients with IE complicated by heart failure, valve surgery was associated with lower 1-year mortality including patients in NHYA III and IV class. 32 A recent study has shown that emergency surgery for native mitral valve endocarditis in patients with cardiogenic shock achieved satisfactory results. In the same study, the presence of septic shock was linked to dismal prognosis. 35 Our study
shows that contemporary medical practice across 33 centres in France is in agreement with current guidelines, offering valve surgery to patients with heart failure or cardiogenic shock.
14 Finally, early diagnosis (i.e. before or within the first 24 h of ICU admission) was associated with surgical treatment. Our results suggest that early diagnosis strongly impacts on patient's management, patients diagnosed later being less likely to undergo surgery. Our results advocate the use of early diagnostic strategies in order to initiate antibiotics and thereby limit the advent of complications. 36 
Post-operative outcomes
Patients with higher SOFA scores on the day of surgery were at significant risk of dying post-operatively. By analysing several components of a complex disease, we underscore the impact of multiorgan failure on post-operative mortality. The use of the SOFA score may be of particular interest in the decision-making process, especially to assess patients with critical IE in whom indications and contraindications to heart surgery coexist. Indeed, patients with SOFA scores over 15 seem to bear extremely poor outcomes. Our results do not support surgery in the subset of patients with severe multiorgan failure. While the vast majority of studies are in favour of early surgery, our findings suggest that recently published guidelines may not apply to the subgroup of most severe patients with critical IE.
Most patients underwent urgent surgery within the first week after IE diagnosis, in keeping with the severity of the patients' condition. Mortality was not reduced by urgent or emergency operations (i.e. within the first 24 h or the first week, respectively). Our findings should be interpreted cautiously due to the observational nature of our study. The issue of surgical timing has been addressed in recent years with a significant number of limitations, differences in patients' characteristics and outcomes measures, leading to apparently conflicting results. 13, 28, 37, 38 By means of a randomized controlled study, Kang et al. 13 recently showed that surgery within 48 h reduced the risk of embolic events in uncomplicated IE, with no impact on mortality. The results of another study were in favour of surgery within the first 7 days of antimicrobial treatment, especially among young patients with Staphylococcus aureus IE and large vegetation on echocardiography. 38 However, emergency or salvage status account for the highest mortality rates in a recent register including over 19 000 patients operated on for IE. 21 Unlike patients who are relatively stable pre-operatively, our results suggest that correction of valvular dysfunction and debridement of infected tissue may be insufficient in critical IE receiving salvage surgical therapy to significantly improve outcomes. Of note, we did not identify factors previously associated with post-operative outcomes such as heart failure or shock, 21 likely due to the weight of the SOFA score.
Patients denied surgery
The severity of the population studied here may explain why up to one-third of patients were denied surgery, with subsequent extremely poor outcomes. Decision-making is most difficult in patients in whom indications and contraindications for cardiac surgery coexist. Multiorgan failure was the second most common reason for denying surgery. The practitioner's decisions seem somehow validated by the extremely poor outcomes in those with high SOFA scores, regardless the treatment.
Strength and limitations
This is the first large multicentre prospective study that assesses longterm outcomes in critical IE. While our initial report provided 3-month follow-up data, we report here long-term outcomes. 6 The study also addresses surgery in critical IE carried out during a relatively short period, thereby avoiding bias due to changes and advances in the field. 
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This study underlines the importance of scoring organ failure when considering surgery. However, our study carries a number of limitations. This observational study included primary and tertiary centres possibly leading to different strategies regarding surgery. Therefore, we cannot exclude the possibility that some patients developed complications that could have been prevented by a more timely intervention. We decided not to resort to propensity score analysis because of the limited number of patients included in our study. However, a survivor treatment selection bias was limited by the use of a Cox model in the analysis.
Management should be improved to prevent complications leading to admission to the ICU. Key factors may include early optimal antibiotic regimen and early referral to tertiary medicosurgical centres. 24 A multidisciplinary approach should be recommended to assess the likely benefit of early surgery in the group of extremely ill patients. 24, 39 However, ways to reduce IE mortality in the critically ill still remain to be better defined.
Conclusion
Mortality in patients with critical IE remains unacceptably high. Age, multiorgan failure, prosthetic mechanical valve IE, vegetation size, and surgical treatment were associated with long-term mortality. Immediate pre-operative severe multiorgan failure carries poor postoperative prognosis. The use of the SOFA score may be of interest when assessing patients with critical IE for surgery. Surgical timing was not associated with post-operative outcomes. Our results should foster investigators to include patients admitted to the ICU with IE in future international trials assessing surgery. Long-term outcomes and cardiac surgery in critically ill patients with IE
